Untreated urea and urea treated with 1.5 % formaldehyde were compared as nitrogen sources for young growing bulls. The experiment was performed with 12 individually fed animals, eight of which were Friesians and four Finnish Ayrshires, and the average age of the animals at the beginning of the experiment was about 3.5 months. After a standardization period of two weeks, the animals were divided into two groups with similar distributions by daily gain, feed utilization, liveweight and age. During the following transition period of one week the feeding of the animals was changed to the experimental diets of the 24-week test period.
Introduction
According to recent information on the nitrogen metabolism of ruminants, it is possible to divide their nitrogen requirements into two groups. Besides feed protein nitrogen that is not degradable in the rumen, rumendegradable nitrogen is important for the performance of beef cattle, especially at the end of the growth period (HUGHES et al. 1980 , ROY 1980 . Urea is a suitable source of rumen-degradable nitrogen, but since it is rapidly hydrolysed to ammonia, the utilization of urea nitrogen by beef cattle is dependent on the digestible organic matter content of the diet (GABEL and POPPE 1979) . The utilization of urea can also be affected and improved by formaldehyde treatment, as ahown by SETÄLÄ and SYRJÄLÄ-QVIST (1982 a, b, c, d) in vitro, and in physiological and milk production studies performed with sheep and dairy cows. The aim of this experiment was to compare untreated and formaldehyde-treated urea as nitrogen sources for young growing bulls.
Materials and methods
The experiment was performed with 12 growing bulls, which came to the experiment in two blocks. One of the animals in the untreated-urea group had to be slaughtered at the beginning of the test period, owing to chronic inflammation of the abomasum. Before the 24-week test period the animals had a standardization period of two weeks, after which they were divided into two groups resembling each other in their distribution by age, liveweight gain, liveweight and feed utilization. During a one week transition period between the standardization and test periods, the feeds of the animals were changed to the experimental diets. At the beginning of the experiment the average age and weight of the animals were 107 days and 106 kg. The animals were weighed on two successive days before the morning feeding at the beginning and end of the different periods. During the test period weighing was performed once every third week before the morning feeding.
Feeds and feeding
During the standardization period, the animals received baled hay and NaOH-treated barley straw as their roughage and a concentrate mixture of barley (42 %), oats (42 %), molassed beet pulp (13.4 %) and minerals (2.6 %). The feeding was planned for a growth rate of 1000 grams/day according to the standards of BRÄNNANG and EKMAN-BJÄRESTEN (1965) . The animals had received urea before the start of the experiment, and during the standardization period 2.9 % untreated urea was added to their concentrate. Soybean meal was also used according to the above standards, when this was necessary to meet the animals'requirements for DCP.
For the test period, the animals were divided into two groups, one of which received untreated urea and the other urea treated with 1.5 % formaldehyde (HCHO) in their concentrate mixture (Table 1) . NaOH-treated barley straw (Table 2 ) was used as roughage and a small amount of hay was also given at the beginning of the period to bring the feeding into agreement with the standards. The animals were fed individually. The treatment of urea with HCHO was as described by SETÄLÄ and SYRJÄLÄ-QVIST(I9B2 a).
Sampling and analyses
The roughage was sampled every third week and the concentrate when the mixture was made, the ingredients being sampled and analyzed separately. Feed refusals were sampled as described by SETÄLÄ and SYRJÄLÄ-QVIST The dry matter and nitrogen content of the urea were determined by Fischer titration and the Kjeldahl method, respectively. The pre-treatment of the other feed samples was according to SETÄLÄ and SYRJÄLÄ-QVIST(I9B2 c) and the chemical composition of the feeds was analyzed by the Weende analyses (PALOHEIMO 1969) . The digestibility of the straw and hay in vitro were determined by the method of TILLEY and TERRY (1963) . After the test period had lasted for 21 weeks, blood samples were taken from the Vena jugularis before the morning feeding. Plasma proteins, urea, albumin, creatinine, alanine aminotransferase, and aspartate aminotransferase were determined with the analyzer of GILFORD SYSTEM 3500 (Gilford Instrument Laboratories Inc., USA) in the College of Veterinary Medicine.
The rumen contents were sampled immediately after the animals had been slaughtered. The contents were mixed carefully and sampling was performed in different parts of the rumen. The samples were pre-treated as described by SYRJÄLÄ(I972) and the pH was measured from the rumen fluid. Volatile fatty acids were determined by gas chromatography according to HUIDA (1973) .
Tissue samples were taken from the liver and kidneys at the time of slaughter, and examined for possible changes under the microscope.
Calculations and statistical analyses
The amino acid requirements suggested by CHALUPA (1975) for growing cattle were used in the calculations. In calculating the intake of amino acids, account was taken of the amino acid composition of the feeds (SETÄLÄ, unpublished) and the composition of the amino acids in the microbial mass (SETÄLÄ and SYRJÄLÄ-QVIST 1982 b). Microbial protein synthesis was calculated using the value of 30 g N/kg organic matter apparently fermented in the rumen. The amount of organic matter fermented was calculated according to the results of SETÄLÄ and SYRJÄLÄ-QVIST (1982 e), account being taken of the effects of treated and untreated urea (SETÄLÄ 1981).
Urea was calculated as DCP as described by LAMPILA (1968) . The differences between the group means were analyzed with the t-test.
Results and discussion

Feed intake
The average intakes of total DM in the groups of animals receiving untreated and treated urea were 2.41 and 2.45 kg DM/100 kg liveweight respectively, which gives an average value of 91 grams DM/kg W 0 75 . The total DM intake did not differ significantly between the groups. PAL and NEGI(I97B) also found that formaldehyde-treated urea did not decrease the intake of either NaOH-treated straw or total DM. The palatability of the concentrates (Fig. 1 ) was equally good in the two groups. The HCHO-urea concentrate was not found to be more palatable, as in the study with lactating cows (SETÄLÄ and SYRJÄLÄ-QVIST 1982 d). The use of molassed beet pulp probably increased the palatability of the untreated urea, as suggested by RANDALL et al. (1972) .
The animals' intake of urea was about 1.59 grams/kg W 07 5.
If this amount is calculated as digestible crude protein (LAMPILA 1968 ), urea contributed 37.8 and 37.2 % of the DCP requirements in the groups receiving untreated and treated urea, respectively. Without urea, the average crude protein content of the ration DM was 9.6±1.7 %. When urea is taken into account, the corresponding crude protein value was 14.8±2.1 %.
The daily amount of the concentrate per animal was kept constant after the liveweights of the animals in the two groups had passed 198 and 186 kg (Fig. 1 ). This was because the animals were fed according to DCP standards suggested by BRÄNNANG and EKMAN-BJÄRESTEN (1965) .
During the first 12 weeks of the test period, the proportion of the concentrates in the total DM of the ration was 61-68 %. Thereafter the proportion was 47-55 %.
Rumen fermentation
There were no significant differences between the animals receiving untreated and treated urea in the concentration of total VFA or in the proportions of different VFA in the rumen (Table 3) . The small differences observed were similar to those found by SETÄLÄ and SYRJÄLÄ-QVIST (1982 c) with sheep on a similar diet.
In the microscopic studies the proportion of rumen bacteria tended to be lower in the rumen contents of the animals receiving the HCHO-treated urea. However, no differences were found in the occurence of protozoa.
Growth and feed utilization
There were no significant differences between the groups in the growth rate, feed utilization or slaughter results of the animals (Fig. 1, Table 4 ). In earlier papers it has been suggested that the growth rate, and energy and nitrogen utilization tend to be improved by increasing frequence in urea feeding (PARRIES and ZGAJNAR 1972) and using slow-release urea in feeding (SZENTMIHALYI 1977 , MARGOLIN et al. 1980 ). According to the results of SETÄLÄ and SYRJÄLÄ-QVIST (1982 a, b, d) , this could also have been expected in this experiment, because the crude protein level of the total ration was within the range suggested as optimal for the utilization of treated urea in a diet of this kind. However, it should be noted that the crude protein levels were higher than those suggested for growing cattle by, for instance, ANDER-SEN and JUST (1979) , GABEL and POPPE (1979) , and ROHR (1980) . Lower crude protein level in the ration might have revealed differences in nitrogen utilization between the groups, as suggested earlier. This was indicated by the temporary drop in the daily gain of the untreated urea group (Fig. 1 ), when the crude protein levels were decreased according to standards after the first 12 weeks in the test period. The average daily intakes of net energy at that time were 4.19 and 4.06 f.u./animal in the untreated and treated urea groups, respectively. When the essential amino acids becoming available to the animal from the feeds and microbial protein synthesis were considered in relation to the amino acid requirements (CHALUPA 1975) at a liveweight of about 200 kg, it was found that the limiting amino acid for growth was probably methionine (Fig. 2 ). According to SETÄLÄ and SYRJÄLÄ-QVIST (1982 b) , the proportion of methionine in the bacterial mass was significantly (P<0.01) higher when HCHO treated urea was studied and compared with untreated urea in vitro. This may partly explain why the growth rate dropped in the group receiving untreated urea, although this group had a higher feed DM intake and it received more amino acids totally than the group given treated urea.
It has been suggested that urea could replace 33-50 % of the nitrogen in the diet of ruminant calves aged 1-4 months (STEGER et al. 1967 , LESKOVA and ZUCKER 1975 and BEDÖ 1980 . In our experiment the daily gain clearly improved after the animals had reached a weight of [186] [187] [188] [189] [190] [191] [192] [193] [194] [195] [196] [197] kg. Theoretically, urea could in many cases meet the nitrogen requirements almost completely in growing animals that has attained a liveweight of about 300 kg (ROY 1980) . On the other hand, it is possible that at the beginning of the test period the crude protein content of the concentrates was too low and the daily amount of urea fed to the animals too high (c.f. STEGER et. al. 1967 and MATSUOKA et al. 1975 ).
Composition of blood
No significant differences were found in the composition of the blood of the animals in the two groups (Table 5 ). Plasma urea was lower when the treated urea was used, which indicates lower and less rapid degradation of urea nitrogen in the digestive tract. This was also noted with sheep fed on the same type of ration (SETÄLÄ and SYRJÄLÄ-QVIST 1982 c), and receiving urea treated with at least 3 % formaldehyde. However, it is possible that the plasma urea was not entirelly dependent on the degradation of the urea nitrogen in the total ration. According to Figure 2 , the essential amino acids other than methionine and histidine, were available to the animal in greater quantity than required and this may have increased the level of urea in the blood (PRESTON et al. 1965 , BRODERICK et al. 1974 . WERNER et al. (1975) suggested that formaldehyde is metabolized to formic acid in connection with absorption from the digestive tract. One pathway for eliminating the formic acid absorbed from the digestive tract is an intermediary metabolism in which the kidneys are involved (KAEMMERER and KERBER 1977) . In this case changes in activity of the kidneys have been found (MATSCHULLAT 1969 , WERNER et al. 1975 . In our experiment the plasma concentrations of liver-specific enzymes and creatinine showed no differences (Table 5) , thus providing no evidence of changes in the activity of the liver or kidneys (ANON. 1972 ). The concentrations are within the range recorded for Ayrshire bulls at the age of 9-11 months on a diet of hay and barley (HAAPA 1981) .
The health of the animals.
There was one case of slight acidosis in the group receiving treated urea after the period when concentrates contributed more than 60 % of the DM in the ration. Microscopic studies did not show any changes in the tissues of the livers and kidneys of the animals in the different groups.
